A growing body of research focuses on the myriad factors that may operate and accumulate over the life span to influence health and functioning; these factors include genetics, individual life experiences, exposures, and living environments (1) . In particular, through the analysis of biological markers for physiological system activity, researchers are finding that experiences such as exposure to challenges and stressful events throughout life may leave a stamp on physiology that may be instrumental to the mechanisms whereby social factors affect health. Unfortunately, we currently have a poor understanding of the relationships between such biological markers and physical and mental functioning. Investigations of this kind are challenging for a number of reasons including the span of time over which mechanisms are assumed to operate, the need to move beyond self-reported survey information to incorporate biological measurements, and the fact that older populations are typically characterized by complex mixes of physical and mental impairments (2) (3) (4) . The objective of the present analysis is to address this gap in our understanding by examining the nature of the associations between a large collection of biological markers related to the stress response and comprehensive set of profiles of functioning in a representative, populationbased sample of an older population.
The experience of stressful stimuli precipitates a complex and counterbalancing set of hormonal responses in the sympathetic nervous system (SNS) and hypothalamicpituitary-adrenal (HPA) axis. Chronic stimulation of these responses may cause imbalances in their functioning, as well as dysregulation in cardiovascular functioning [see McEwen (5) , Brunner and Marmot (6) , and McEwen and Goodman (7)]. Reflecting the ''fight-or-flight'' aspect of the stress response, epinephrine and norepinephrine are released in the SNS to stimulate the cardiovascular system and blood flow. The HPA axis response to stress is characterized by cortisol secretion, which has numerous physiological effects, including glucose metabolism and immune response. Dehydroepiandrosterone sulfate (DHEA-S) is believed to be an antagonist to cortisol, although its precise mechanisms are not well understood (8) . Also among the hormonal responses to stress are the growth hormone insulin-like growth factor-1 (IGF-1) and immune system factors such as interleukin-6 (IL-6). IGF-1 is important for muscle growth (9) , while IL-6 is involved with the inflammation response (10) and has been shown to be elevated in those experiencing chronic stress (11) . Cardiovascular parameters that are affected by the stress response include cardiovascular disease risk factors and aspects of insulin resistance syndrome, or ''syndrome X'' (12) (13) (14) , such as blood pressure, cholesterol level and composition, blood sugar levels, and visceral fat deposition.
Persistently high or low levels (i.e., levels outside of normal operating ranges) of many of these factors may be associated with various poor health outcomes. For example, chronically elevated levels of cortisol may result in hypertension, abdominal obesity, and memory impairment, while low levels of cortisol may be associated with excessive immune responses (15) . Other examples include hypotension and hypertension, hypoglycemia and hyperglycemia, and hypocholesterolemia and hypercholesterolemia and their sequelae. Alternatively, for some factors, only one tail appears to be related to risk; e.g., only low levels of DHEA-S appear to be associated with worse mental and physical health (16) (17) (18) , while only a high ratio of total to high-density lipoprotein (HDL) cholesterol level is typically associated with cardiovascular disease risk.
Theories of allostatic load (5, 19, 20) describe how the experience of stressful events precipitates a complex set of hormonal and physiological responses across the neuroendocrine, sympathetic nervous, immune, and cardiovascular systems, which, when repeatedly or chronically stimulated, can result in dysregulation of these responses and poor health outcomes. Expositions by McEwen and Seeman (21) and McEwen (22) define the hormonal elements of this cascade (i.e., HPA axis, SNS, and immune system parameters) as ''primary mediators,'' which, in turn, become manifest in a collection of intermediary cardiovascular disease risk factors defined as secondary outcomes (which include the symptoms of insulin resistance syndrome). The ultimate disease end-points of this cascade are termed ''tertiary outcomes.' ' The theory and physiological processes that define the health effects of allostatic load are, by definition, the aggregate consequences of mechanisms spanning several physiological systems. Thus, empirical support for the theory does not derive from the existence of significant associations between outcomes and individual biomarkers, but instead between outcomes and measures of the combined influence of multiple physiological parameters (23) . Accordingly, composite indices of allostatic load have been developed and implemented in population-based studies (e.g., 23, 24) . The original and most frequently-used index of allostatic load (23) consists of a summation of the number of times an individual falls into a (single tail) ''highest risk'' quartile for each of 10 biomarkers affiliated with the stress response, i.e., beyond a high or, in some cases, low threshold defining values outside of ''normal'' operating ranges. Alternatively, a recent reformulation of the index (24) uses a weighted linear combination of the same biomarkers measured on a continuous scale, where the weights are optimized to predict downstream health outcomes.
Current research that examines the associations between health end-points and either individual biomarkers of the stress response or related aggregate measures of physiological risk suffers from several limitations. First, the individual associations between many of these biomarkers and health end-points are not well documented in representative, population-based samples. Most existing work using such biological information examines relatively small or selected samples (e.g., clinical or healthy samples) that are not representative of a general population. Second, most existing studies consider associations with end-points that define a single condition (e.g., mortality, physical or cognitive performance) rather than associations with more realistic states of comorbid functional impairment. Third, only linear relationships are typically investigated, leaving unknown the potential association of both high and low biomarker values with risk. Fourth, studies have paid little attention to identifying what cut-points should be used to define the extreme values, i.e., what are outside ''normal'' ranges. Lastly, the relative importance of the various biomarkers forming aggregate indexes is generally unexplored, and current measures assume either that all components count equally or weight them using theoretically endogenous tertiary outcome information.
In this analysis, we investigate how biological indicators of cumulative physiological dysregulation associated with the stress response are individually associated with profiles of physical and mental functioning in a national sample of middle-aged and elderly Taiwanese. These profiles are derived from a statistical procedure known as Grade of Membership (GOM), which synthesizes the available information on physical limitations, depressive symptoms, and cognitive functioning. Our specific aims are to: 1) use GOM models to summarize the burden of impairment in this population, and 2) use multinomial logit regression models to investigate the associations between the resulting profiles of functioning and a broad range of biomarkers. We analyze data representing a number of improvements over existing sources and address several methodological limitations of prior analyses. This research is likely to inform the development of improved measures of cumulative physiological dysregulation.
METHODS

Data
This analysis uses data on biological markers and selfreports of physical and mental functioning from the 2000 Social Environment and Biomarkers of Aging Study (SEBAS). Respondents for SEBAS were drawn from the Taiwan Survey of Health and Living Status, a longitudinal study of a nationally representative probability sample that began in 1989 with persons aged 60 years and older, including the institutionalized population. A new sample of middle-aged persons (aged 50 to 66 years) was included in 1996. Respondents for SEBAS were drawn from a random subsample of 1713 survivors selected from the 1999 combined middle-aged and older cohorts. Those aged 71 years and older in 2000 and persons in urban areas were oversampled. The survey procedures were approved by the institutional review boards at Princeton University, Georgetown University, and the Bureau of Health Promotion, Department of Health, Taiwan, and conformed to the principles embodied in the Declaration of Helsinki.
SEBAS consists of two parts: an in-home interview (n ¼ 1497, a 92% response rate among survivors) and a medical exam (n ¼ 1023, 68% of those interviewed). The in-home interview collected information on self-reports of physical limitations, depressive symptoms, social and demographic variables, and cognitive performance measures. Each participant in the medical exam was asked to fast overnight and collect a 12-hour overnight urine sample (to provide integrated measures of neuroendocrine function). The following morning, a medical exam was conducted in a nearby hospital, where a physician or nurse drew a blood sample from the participant and took blood pressure and anthropometric measurements. Compliance by those completing the medical exam was extremely high: All but 10 individuals followed the urine protocol, provided a sufficient volume of blood suitable for analysis, and completed the medical exam.
Among the original 1497 respondents to the initial interview, 111 (7%) were ineligible for the exam because of a health condition. Among the remaining 363 (24%) who declined to participate in the exam, the principal reasons included: 1) the respondent felt that he or she was healthy and did not need an exam; 2) the exam was too much trouble; 3) the respondent just had a health exam; and 4) the respondent had no free time or was out of town during the several-day period during which exams were offered. A comparison of the characteristics of nonparticipants and participants in the medical exam reveals that, although persons older than age 70 were less likely to participate than younger respondents, sex and various measures of socioeconomic status were not significantly related to participation. Persons who received the medical exam reported the same average self-assessed health status (5-point scale) as those who did not. These results suggest that, in the presence of controls for age, estimates derived from clinical information are unlikely to be seriously biased (25) .
There were 43 individuals for whom profiles of physical and mental functioning could not be calculated because of missing data; they are excluded from this analysis. Unweighted comparisons between the included and excluded groups reveal that, although the excluded group is older (p ¼ .02) and is comprised of more women relative to the analysis sample (p ¼ .006), IL-6 is the only biomarker with a significant difference (Mann-Whitney, p ¼ .041) between those included and excluded from the analysis. A few individuals for whom functional profile scores were calculated have missing values for some of the biomarkers, resulting in final sample sizes between 976 and 980, depending on the specific biomarker (as noted in Tables 3  and 4 ). The mean age of the sample (n ¼ 980) is 68.8, 44% are over the age of 70, and 41% of the sample are women.
These data represent a significant improvement over previous studies of biological markers of stress and health in the aged. First, the sample is larger than has been used in prior work and is nationally representative of older Taiwanese. Second, among the biological measures included here are several that are rarely obtained for general populations. Third, we examine a more comprehensive set of biomarkers than that available in previous work; e.g., with the exception of a recent analysis by Schnorpfeil and colleagues (26) , most existing aggregate formulations have not included measures of immune function.
Measures
Measures of cortisol, epinephrine, norepinephrine, and dopamine (a precursor to the synthesis of norepinephrine) were derived from the 12-hour urine specimens. Results for cortisol, epinephrine, and norepinephrine are reported as ''micrograms per gram creatinine'' in order to adjust for body size (see Table 1 ). The fasting blood specimens provided measures of DHEA-S, IGF-1, IL-6, total cholesterol, the ratio of total to HDL cholesterol, triglycerides, fasting glucose, and glycosylated hemoglobin. Systolic and diastolic blood pressures were calculated as the average of two seated blood pressure readings (taken about 1 minute apart, using a mercury sphygmomanometer). Anthropometric information used for the BMI (weight in kilograms divided by height in meters squared) and for the waist/hip ratio calculation was gathered during the hospital exam.
Blood and urine samples were sent to Union Clinical Laboratories (UCL) in Taipei for measurements of the biomarkers. In addition to the routine standardization and calibration tests performed by the laboratory, duplicate samples for a 10% subset of the specimens were submitted to UCL and to Quest Diagnostics in the United States for analysis. Data from these duplicate analyses indicated good interlaboratory and intralaboratory reliability, with intraclass correlations of 0.80 or higher for duplicates sent to UCL and interlaboratory correlations of 0.76 or higher between results from UCL versus Quest Diagnostics. Detailed information on the SEBAS survey and laboratory procedures is available elsewhere (27) .
In these analyses, biomarker values are divided into three discrete categories indicating those in the lowest 10% of nonmissing values of the full sample of 1023 respondents, the middle 10%-90%, and above 90%. Table 1 gives the cutoff values defining each category for each biomarker. For IL-6 and epinephrine, a large number (approximately 33% and 20%, respectively) of readings fell below the sensitivity of the assays: 0.1 pg/mL for IL-6 and 2 lg/L for epinephrine. Thus, the categories for these measures are as follows: below assay sensitivity, above assay sensitivity and below the 90th percentile, and above the 90th percentile. We explored the robustness of the results to the percentile cutoff levels by dividing observations for each biomarker into a second set of three categories based on alternative criteria: those below the 25th percentile (which included observations below assay sensitivity for IL-6 and epinephrine), those between the 25th and 75th percentiles, and those above the 75th percentile. This second characterization based on quartiles was designed to parallel existing formulations of allostatic load in the literature (23) , although, unlike current measures of allostatic load, it permitted us to examine associations at both extremes.
Measures of functioning include 6 activities of daily living (ADLs), 7 mobility impairments, and items from indices of cognitive performance and depressive symptoms. Notes: *Percentiles defining cutoff values were calculated over all nonmissing observations in the original sample, as indicated by the sample sizes listed in this table, using unweighted data.
For both epinephrine and IL-6, the lowest category is below assay sensitivity. DHEA-S ¼ dehydroepiandrosterone sulfate; IGF-1 ¼ insulin-like growth factor-1; IL-6 ¼ interleukin-6; HDL ¼ high-density lipoprotein; BMI ¼ body mass index.
The ADL items were composed of difficulty with bathing, dressing or undressing, eating, getting out of bed, moving around the house, and using the toilet. Mobility impairments include difficulty squatting, walking up 2-3 flights of stairs, lifting or carrying 11-12 kg, working around the house, walking 200-300 meters, standing continuously for 15 minutes, and running 20-30 meters.
Depressive symptoms are measured using questions from a 10-item version of the original 20-item Center for Epidemiologic Studies Depression Scale (CES-D) (28) that has been used in Chinese populations (29, 30) . Shortened forms of the CES-D, including a 10-item Chinese version in a sample of elderly Chinese (31), have been shown to perform well (32, 33) . CES-D items used here include reports (in the past week) of no interest in eating, sleeping poorly, being in a terrible mood, feeling lonely, people not being nice, feeling anguished, having no energy to do things, feeling joyful (reverse-coded), that doing anything is exhausting, and life is going well (reverse-coded). Measures of cognitive function include 12 items from 3 tests: the modified Short Portable Mental Status Questionnaire (34), the modified Rey Auditory Verbal Learning test (35) , and a modification of the Digits Backward test (36) (see Table  A3 in Appendix for a list of items).
Analysis
In the first stage of the analysis, we used a GOM model (37) to: 1) summarize the collection of physical and mental functioning variables into K simplified, ''pure-type'' profiles reflecting various idealized combinations of impairment; and 2) generate a vector of K scores that quantify the similarity of each individual's functional status to each of the K pure-type profiles of functioning. The variables measuring ADL and mobility impairments were combined with the components of the CES-D and cognitive performance measures to define the pure types (see the list in Tables A1, A2 , and A3).
GOM has been used previously to provide assessments of the health and functioning of older populations (e.g., 2-4, 38) and has several advantages over similar procedures such as clustering and factor analysis (39) . Individuals in a GOM model can share similarities with multiple pure types, thus preserving heterogeneity among individuals, as opposed to traditional clustering methods that assign individuals to only one of several groups. Also, in contrast to factor analysis, the GOM model does not make parametric assumptions about the distributions of the variables (39) .
Following standard notation (4,37), for any pure-type k (k ¼ 1. . .K) k kjl denotes the probability that an individual whose functional status exactly matches that of pure-type k gives response l to variable j. Also, for each individual
The individual GOM score elements g ik represent the similarity of individual i to puretype k. The GOM model assumes that, conditional on g i , the probability p ijl that person i gives response l to variable j is equal to P K k¼1 g ik k kjl . The k kjl and g i are estimated iteratively by maximizing a conditional likelihood function based on p ijl , beginning from a set of initial values for the g i and the k kjl [for details see Manton and colleagues (37) , and additional treatments by Berkman and colleagues (4) or Wachter (40) ]. All GOM analyses in this paper are performed using software developed by Charpentier (41) .
The number of pure-types K is set in advance of the estimation. In exploratory analyses, models can be estimated by choosing successively higher values of K. However, while an increase in K tends to improve the fit of the model, the pure types and mixes among them generally become more difficult to interpret. Thus, following work by Berkman and colleagues (4) and Singer (42), we chose the number of pure types on the basis of a priori hypotheses and model parsimony. In particular, comparable prior studies have found that between 4 and 6 pure types provide reasonable summaries of health and functional status in elderly populations (2-4). Our analyses showed that, with the SEBAS data, 5 pure types provided a balance between pure-type detail and interpretability.
Subsets of characteristics that distinguish one pure type from another, and thus form the basis for verbal descriptions of the pure types (below), are defined using criteria developed by Singer (42) and Berkman and colleagues (4) , which compare each k kjl to the corresponding marginal frequency. Specifically, we define a particular response as a distinguishing characteristic for a pure-type profile if its estimated response probability (shown in Appendix Tables  A1, A2 , and A3) is at least twice the marginal frequency of that response in the overall sample. For relatively prevalent characteristics (assumed here to be responses with marginal probabilities greater than 0.4), the response is considered to be distinguishing if the estimated pure-type probability is at least 35% greater than the marginal frequency.
GOM models can be sensitive to initial parameter values, particularly those for the k kjl , because of the difficulty of identifying a global maximum on the complex likelihood surface. We address this issue by choosing initial values for the k kjl that reflect highly idealized and simplified combinations of functional impairment that were informed both by exploratory analyses (using random values) and existing studies. This strategy of using ''informed'' [(37): p. 72] initial values increases confidence in the optimized solution, relative to one derived from purely random or other numerical criteria. Initial values for the individual GOM scores were set to be uniform across all individuals and equal to one divided by the number of pure types.
The second stage of our analysis uses multinomial logit models to examine the individual associations between the GOM scores of functioning and each biomarker. Each model includes four GOM scores, along with controls for age and sex. The middle category (e.g., 10%-90%) serves as the reference group for the specific biomarker, and the GOM score for profile I (described below as a fully functioning pure type) is the reference GOM score. Thus, each model predicts the probability that an individual has a biomarker score in each distributional category (e.g., below the 10th percentile, 10%-90%, or above the 90th percentile).
Although the specification of the biomarkers as outcomes and the functioning scores as explanatory variables may appear to be a reverse implementation of our conceptual model, the two are functionally equivalent in the sense that both sets of variables-functioning and biomarkers-are measured at the same time (i.e., the survey period in 2000). We prefer the current specification because modeling the GOM scores as the outcome would require a separate equation for each profile score and for each biomarker, multiplying the already considerable number of equations under consideration by a factor of K.
Following the estimation of each model, a v 2 test for equality of the distributions of the GOM profile scores in that model is calculated. For biomarkers that demonstrate significant (p , .10) joint associations with the GOM profile scores, pair-wise tests for the equality of GOM profile score distributions are subsequently performed. For each pair of profiles A and B, the null hypothesis for these tests is that profile scores A and B have the same distribution of the given biomarker. Nesting the pair-wise tests within a joint test of significance in this way provides control over our overall error rate. The use of a Bonferroni multiple-test procedure (43) was considered but rejected because the approximation is often too conservative (44) .
To illustrate the magnitude of the relationships in cases of significant joint associations, predicted probabilities of having a biomarker value in each outcome category are calculated for each of the five pure-type function profiles. For each biomarker, these simulated probabilities are obtained by: 1) sequentially assigning all individuals to the first GOM profile, followed by the second profile, and so on, while leaving age and sex at their observed values, and 2) in each case, averaging the resulting predicted probabilities across individuals. All summary analyses, multinomial logit estimation, tests, and predictions were done using Stata 7.0 (Stata Corp., College Station, TX) (45) .
RESULTS
Grade of Membership Classification of Functioning
Estimation of the five pure-type GOM model yields a set of profiles with the following distinguishing characteristics (the full set of estimated pure-type response probabilities is given in Appendix Tables A1, A2 , and A3, with those satisfying the criteria for distinguishing characteristics in boldface). The names given below in italics for each of the profiles are oversimplifications that are intended as shorthand descriptions for ease of reference:
Pure-Type I, Fully Functioning: Pure-type I has no physical or mental impairments. Pure-Type II, Cognitively Impaired: Pure-type II has no physical or depressive impairments (apart from some difficulty running 20-30 meters). However, this pure type has significant cognitive deficits, indicated by the substantial number of incorrect cognitive evaluation responses that distinguish it from other pure types. Pure-Type III, Moderately Depressed: Pure-type III has no physical impairment but displays moderate depressive symptoms (and has some difficulty with the 10-item recall). Pure-Type IV, Limited Mobility: Pure-type IV has mobility impairments, but no ADL or cognitive impairments. This type is also distinguished by the presence of sleeping problems and a lack of interest in eating, although each of these is reported as rare. Pure-Type V, Substantially Impaired: Pure-type V displays severe mobility and ADL impairments, severe depressive symptoms, and some cognitive impairment.
The distribution of functional impairment in the sample across these five pure-type profiles is indicated by the distribution of GOM scores estimated for each individual from the GOM model (Table 2) . Consistent with Berkman and colleagues (4), we define individuals with a GOM score of 0.9 or greater as representing a single pure type. Given this definition, 26.7% of males and 14% of females are described solely by the fully functioning profile, indicating a substantial difference by sex in the proportion that can be described as having no functional impairments. Very few individuals, male or female, are described solely by any one of the remaining profiles.
The next largest proportion of men (17.8%) is described by a mix between the fully functioning profile and the moderately depressed profile, indicating a physically functional contingent of men that has a mild-to-moderate level of depressive symptoms. This proportion is followed by the 7.1% of men who are described by a mix between the fully Notes: *This formulation of synthesizing the g-score distribution is based on Table 3 of Berkman and colleagues (4) .
An individual is defined to display a combination of: two pure-type profiles if the two specified elements of their g-score vector sum to unity; three pure-type profiles if the three specified elements of their g-score vector sum to unity; and so on.
functioning profile and the limited mobility profile. The most prevalent mixes of two profiles among women reflect the same two combinations as for the men, but each represents only about 7% of the female sample. The most prevalent three-profile mix for both men and women entails the fully functioning, moderately depressed, and limited mobility profiles, indicating the importance of depressive symptoms that accompany mobility impairments. Overall, fewer women than men are represented by only one or two profiles, i.e., women appear to be characterized by more heterogeneous mixes among the pure-type profiles.
Multinomial Logit Model Estimates of Associations Between Biological Measurements and Functioning
The results for each multinomial logit model are given in Tables 3 (primary mediators) and 4 (secondary outcomes), based on the 10% and 90% cut-points. A p value less than 0.1 (suggesting rejection of the null hypothesis that all five of the GOM profile scores have the same distribution of the given biomarker) was obtained for the following primary mediators-dopamine (p ' .104), cortisol, DHEA-S, and IL-6-and the following secondary outcomes-ratio of total to HDL cholesterol, triglycerides, fasting glucose, BMI, and waist/hip ratio.
Conditional on p , 0.1, we next examined pair-wise tests for the equivalence of a given biomarker distribution between each pair of profiles (shown in Table 5 as a box with four columns; pair-wise test results not shown in any particular order). The appearance of two xs in any one (or more) of the columns represents a significant difference between the two GOM profiles indicated by the corresponding x values. For example, Table 4 demonstrates a significant joint association (p ' .09) between the five profiles and the ratio of total to HDL cholesterol. Table 5 presents the subsequent tests for the equivalence of the distribution of total/HDL cholesterol between each pair of profiles. Results show that significant differences in the ratio of total to HDL cholesterol were found between individuals characterized by the substantially impaired profile and those characterized by each of the following profiles: fully functioning, moderately depressed, and limited mobility. The predicted probabilities that accompany the pair-wise test results in Table 5 indicate the nature of these differences. For example, individuals denoted by the substantially impaired profile are more likely than those in the three other profiles to have high values (e.g., 28% vs 10%, 6%, and 5%, respectively) of total/HDL cholesterol. Table A4 in the Appendix provides the full set of v 2 statistics and p values for all pair-wise comparisons. Results for the primary mediators (Table 5 ) indicate pervasive differences between individuals represented by the substantially impaired versus the fully functional profiles; they have significantly different distributions of cortisol, DHEA-S, and IL-6. The predicted probabilities reveal that those represented by the substantially impaired profile are more likely than their fully functional counterparts to have low values of DHEA-S, high values of IL-6, and levels of cortisol at both extremes. Individuals characterized by the cognitive impaired profile are the most likely to have high levels of dopamine (although the difference from the moderately depressed profile is of borderline significance, p¼.102).
The secondary outcomes demonstrate similar associations with the profiles of functioning. Individuals denoted by the substantially impaired profile are significantly more likely than those represented by the fully functional profile to be in the highest category of the distribution for every secondary outcome, except the waist/hip ratio. Results also demonstrate that persons described by the substantially impaired profile are distinct from: 1) those characterized by the moderately depressed profile with regard to the distributions of the total/HDL cholesterol ratio, fasting glucose, and BMI; and 2) those represented by the cognitively impaired profile with regard to triglyceride levels and fasting glucose. In each of these cases, individuals with scores indicating increasing similarity to the substantially impaired profile are more likely to have values in the highest category of the relevant biomarker.
Sensitivity results (Tables A5, A6 , and A7 in the Appendix) based on alternative cut-point values at the 25th and 75th percentiles for each of the biomarkers display similar joint associations as under the original 10th and 90th percentile cut-points for several of the primary mediators (dopamine, DHEA-S, and IL-6) and secondary outcomes (total cholesterol/HDL ratio, fasting glucose, BMI, and waist/hip ratio) (Table A7 ). However, three additional biomarkers now reveal joint (and pair-wise) significant associations with functioning (diastolic blood pressure, total cholesterol, and IGF-1), while two that were significant under the 10th/90th percentile criteria (triglycerides and cortisol) fail to demonstrate significant joint associations with functioning under the 25th/75th percentile criteria.
Among those biomarkers with significant joint associations under both criteria, many (but not all) of the pair-wise associations are consistent. In addition, under the 25th and 75th percentile cut-points, several biomarkers reveal associations between functioning and both extremes of the biomarker distribution. Specifically, values of IGF-1 above the 75th and below the 25th percentiles are negatively associated with similarity to the limited mobility profile (Table A5) . Also, relatively high and low values of IL-6 are positively associated with the moderately depressed profile score, as well as the limited mobility profile score. With respect to the secondary outcomes (Table A6) , increasing similarity to the substantially impaired profile is demonstrated among those with both high and low values of total cholesterol, the total cholesterol/HDL ratio, and fasting glucose.
DISCUSSION
This analysis provides a summary of the functional status of a national sample of older Taiwanese, which captures the complex mixture of cognitive, psychological, and physical impairments that coexist at older ages. The resulting profiles, in turn, permit us to identify biomarkers that are associated with functional status in this population as well as to examine the nature of the ensuing relationships.
There are several limitations of this study. First, these analyses are cross-sectional. We do not attempt to estimate or infer the direction of the association between the biomarkers and functioning, and recognize that effects in both directions are likely to operate. For example, whereas various indicators of syndrome X are known to affect Note: *Significance at 0.1 level for v 2 tests of pair-wise difference between two profiles is denoted by x indicators for each profile of the pair. subsequent physical health, other associations are less clear cut. Specifically, although it is tempting to suggest, as much of the scientific and popular literature does, that low levels of DHEA-S lead to poor health and a short life span, it is also plausible that certain illnesses reduce the levels of DHEA-S (16, 46) . Second, the distributions of biomarkers in this analysis are divided intro three categories designed to distinguish ''high'' and ''low'' values from those within ''normal'' ranges. The choice of these cut-points is arbitrary, but the empirical approach we have taken in considering two sets of cut-point criteria is reasonable in the absence of clinically defined, or otherwise substantively meaningful, criteria. Although population distributions and risk cut-points are not known for many of the biomarkers considered here, clinical criteria for high cut-point values do exist for several markers (e.g., blood pressure, total cholesterol and total/HDL cholesterol ratio, triglycerides, fasting glucose, glycosylated hemoglobin, and BMI). Results not shown here that incorporate clinical criteria for high values are generally consistent with the findings presented in this article. Despite these limitations, our results offer several insights into the nature of functional impairment among older Taiwanese. Specifically, our analysis shows that, although a large proportion of the population was relatively unimpaired functionally in 2000, a substantial proportion of physically unimpaired persons, particularly men, displayed modest levels of depressive symptoms. Overall, women comprised a more heterogeneous mix of physical, psychological, and cognitive impairments than men.
Our findings also reveal large and statistically significant associations between profiles of functioning and physiological parameters of the stress response. In particular, the analysis uncovered numerous distinctions between the substantially impaired and fully functional profiles in their associations with primary mediators and secondary outcomes. These patterns suggest that the association between multiple-system dysregulation and health is observable across several points in the theoretical cascade of physiological events represented by primary mediators, secondary, and tertiary outcomes. An important implication of our results for future measurement strategies derives from the significance of both high and low values for several of the biomarkers and the lack of robustness of some relationships to the choice of cut-points. Thus, current formulations of allostatic load, which account for only high (or in a few cases, only low) values may fail to capture some underlying physiological relationships. Our findings also highlight the important role that biological information drawn from population-based surveys can play in future research on the connections between the social environment and health. 
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